Purpose: To compare the effectiveness of different combinations of social comparison feedback and financial incentives to increase physical activity. Design: Randomized trial (Clinicaltrials.gov number, NCT02030080).
Purpose
Physical inactivity is a leading risk factor for cardiovascular disease. [1] [2] [3] Higher levels of physical activity are associated with lower all-cause mortality, 4, 5 coronary artery disease, 1, 2, 6 diabetes, 7 weight gain, 8 and breast and colon cancer. 9 , 10 Yet, half of adults in the United States do not engage in enough regular physical activity to achieve health benefits. 11 New strategies are needed to increase physical activity levels. 12, 13 Standard economics assumes that individuals make decisions that are perfectly rational, maximizing long-term value and health. However, many individuals know physical activity is good for their health, yet they do not obtain enough of it. Behavioral economics is a promising field of study that incorporates principles from psychology to help us understand why individuals often make decisions that are not in line with their longer term health goals and that they do so in a predictable manner and from common set of decision errors. [14] [15] [16] For example, individuals tend to be more motivated by losses than gains, 17 by immediate rather than delayed gratification, 18 and by variable rewards that induce regret. 19 These insights reveal that beyond just the magnitude of the incentive, the design and delivery of an incentive have an important impact on its effectiveness. Prior work has demonstrated that programs using these insights can promote weight loss, 20 smoking cessation, 21 and medication adherence. 22 However, there has been little evaluation of programs directed at increasing physical activity. 23 There is also evidence to suggest that health behaviors may be affected by social influences. In a retrospective evaluation of health behaviors among spouses, men and women had 5 times higher odds of becoming physically active if their spouse also became physically active. 24 Obesity and smoking behaviors have also been found to be connected through social networks that extend beyond just family members and also to friends. 25, 26 Physical activity interventions have been found to be more successful when incorporating performance feedback 27 ; however, the use of social comparison feedback has not been well examined. Although it may be common to provide feedback to the level of mean performance (50th percentile), it is unknown whether anchoring feedback to a higher level such as the top quartile (75th percentile) might have different effectiveness. The higher standard might be motivating or demotivating.
Our objective was to compare the effectiveness of different combinations of social comparison feedback and financial incentives to increase physical activity. Although many prior physical activity interventions have focused on harnessing the power of individual goal setting, we enrolled participants in teams to enhance social incentives including peer support, accountability, and unity toward a common goal. 28 
Methods

Design
We conducted a 26-week, 2 Â 2 factorial, randomized trial between March and September 2014, consisting of a 13-week intervention period and 13-week follow-up period. Two hundred eighty-eight participants gave their informed consent, formed 4-member teams, and were randomly assigned to receive 1 of 2 types of team-based performance feedback either with or without financial incentives (Figure 1 ). Participants were required to have an iPhone or Android smartphone that they stated they were willing to carry with them the majority of the time while enrolled in the study. Participants were asked to download, install, and give the study team permission to retrieve data from the ''Moves'' mobile application (ProtoGeo Oy Inc, Helsinki, Finland), which tracks step counts using accelerometers within the smartphone. After installing the application, data tracking and feedback were automated. Our prior work has demonstrated that this smartphone application accurately tracks step counts. 29 All participants were given a goal of achieving at least 7000 steps per day, a target reflecting several deliberate design elements. First, this level of physical activity is endorsed by the American College of Sports Medicine as an evidence-based recommendation of physical activity to achieve health benefits. 30, 31 Second, this level is 40% higher than the average daily step count of 5000 among US adults 32, 33 but may not be so high as to discourage more sedentary individuals from engaging. Prior studies using a goal of 10 000 steps have found that more sedentary individuals may be less likely to participate. 27 Third, instead of simply asking participants to walk more, a minimum threshold puts more emphasis on encouraging more sedentary individuals to walk and less emphasis on getting highly active individuals to be even more active. Each participant received daily individual performance feedback on whether they had successfully achieved the goal of 7000 steps on the prior day and could, if they checked their own app, gauge how many steps they had taken at any point during the day. This study was approved by institutional review board of the University of Pennsylvania.
Sample
Eligible participants were employees or family members of employees from the University of Pennsylvania Health System aged 18 or greater with an iPhone or Android smartphone. Participants were excluded if they were already participating in another physical activity study, currently pregnant or lactating, intending to become pregnant within the next 6 months, or stated for any other reasons that they did not expect to be able to complete a 6-month physical activity study.
Potential participants were instructed to form a team of 4 members and select a captain. The captain visited the study website to complete electronic informed consent and an eligibility screening questionnaire. If all eligibility criteria were met, the captain listed the names and contact information for potential team members. The captains were provided with an e-mail template they could modify and use to invite the other members of the team to visit the study website for their own consent and enrollment. The study team also sent e-mails to the potential team members informing them that a captain had invited them. If any of the team members was not interested in participating or deemed ineligible, we informed the captain of the need to identify another potential team member. All participants were asked to complete a basic sociodemographic questionnaire, self-report measures of height and weight, and report physical activity in the last 7 days using the long form of the International Physical Activity Questionnaire (IPAQ). 34 The IPAQ was used to calculate the number of metabolic equivalent minutes (MET-min) per participant in the most recent 7 days. The MET is physiologic measure of energy expenditure, with light-intensity activities having an MET <3, moderate-intensity activities having an MET of 3 to 6, and more vigorous-intensity activities with an MET >6.
Measures
The study was conducted using Way to Health, an automated information technology platform that integrates wireless devices, clinical trial randomization and enrollment processes, messaging (text, e-mail, or voice), self-administered surveys, automatic transfers of financial incentives, and secure data capture for research purposes. 35, 36 Way to Health has been used in prior behavioral intervention studies. [37] [38] [39] A computergenerated random number sequence was used to assign each team to 1 of 4 study arms using simple randomization. Participants selected whether they preferred to receive study communications via e-mail, text message, or both. Weekly feedback was sent the morning after the end of the week. Daily feedback on performance from the prior day was sent each morning. Neither the participants nor the study coordinator could be blinded to the arm assignment due to the nature of the interventions. All investigators, statisticians, and data analysts were blinded to arm assignments until the entire 26-week study period was completed.
In 2 arms, participants received weekly feedback on team performance (average number of steps per day per team member) and no financial incentives. In 1 of those arms, each team was told how their weekly average step count compared to the 50th percentile (median) in their arm (above or below, as well as average step count at that percentile). In the other arm, each team was told how their performance compared to the 75th percentile (top quartile). In the 2 financial incentives arms, teams received the same weekly performance feedback (either relative to the 50th or the 75th percentile) and were entered in a weekly regret lottery. Teams were randomly assigned a 2-digit number between 00 and 99. If the team's number had a singledigit match with the winning number (an 18% chance), each team member was rewarded $35. If the team's number had a 2-digit match with the winning number (a 1% chance), each team member was rewarded $350. The expected daily economic value per participant was designed to be about $1.40, a value similar to that of prior work. 39 Participants were eligible to collect the reward only if their average step count per day per team member for the prior week was 7000 steps or higher. Ineligible participants were informed what they would have won had they been adherent to the goal, drawing on evidence that the desire to avoid regret can be motivating. 17, 19, 40, 41 Financial incentives were offered for 13 weeks, and then participants were followed for an additional 13 weeks. Feedback on social comparisons was delivered for the entire 26 weeks.
The primary outcome was the mean proportion of participant-days that the 7000-step goal was achieved during the intervention period (weeks 1-13). We hypothesized that participants in the financial incentive arms would have a significantly greater mean proportion achieving goal than participants in the nonfinancial incentive arms and that participants in arms receiving feedback compared to the 75th percentile would have a greater mean proportion achieving goal than participants receiving feedback compared to the 50th percentile. Secondary outcomes were the number of steps per day during the intervention period (weeks 1-13) and follow-up period (weeks [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] and the mean proportion of participant-days that the 7000-step goal was achieved during the follow-up period.
All participants received $25 for enrolling in the study and $75 for participating through the primary end point at 13 weeks along with the completion of a survey on their experience in the study. There was no participation incentive during the followup period.
Analysis
A priori, we estimated that a sample of at least 280 participants (70 per arm) would ensure 80% power to detect a 0.20 difference between each of the intervention arms and the control arm, using a conservative Bonferroni adjustment of the type I error rate using a 2-sided a of .017. A secondary comparison between each of the intervention arms would require a more conservative Bonferroni adjustment of the type I error rate using a 2-sided a of. 0083. This calculation assumed that the mean proportion of participant-days achieving goal in the control arm would be 0.40 and accounted for clustering by team with an intracluster correlation coefficient of 0.025. Since 70 teams could not be evenly distributed into 4 arms, we enrolled 288 participants to allow for 72 teams (18 teams per arm). However, simple randomization distributed teams unevenly by arm, providing less power to detect differences between arms with less than 70 participants.
Two participants were randomized but switched to phones that were not compatible with the Moves app before the study began and therefore did not receive the intervention. These 2 participants were not included in the analysis. All other participants randomly assigned to a study arm were included in the intention-to-treat analysis. The mean proportion of participantdays meeting goal and mean daily steps were estimated at the level of the team for the intervention period, the follow-up period, and for each week during the study.
In the adjusted model, generalized linear mixed models (via PROC GLIMMIX in SAS) were used to adjust for the repeated measures of daily participant step counts and to adjust the standard errors for clustering by team. [42] [43] [44] Data could be missing if a participant turned off the smartphone or Moves application, disabled the study team's permission before data were accessed, or did not carry the smartphone at all. The percentage of missing data by arm during the intervention period was 19% for the 50th percentile feedback without incentives, 25% for the 75th percentile feedback without incentives, 16% for the 50th percentile feedback with incentives, and 20% for the 75th percentile feedback with incentives. For the main analysis, we used only collected data (a step count value was received) that assume missing data occur at random and do not bias outcomes for arms with differing levels of missing data. The main model uses a binary outcome measure (0 or 1) based on achieving the goal of 7000 steps and included fixed effects for arm and week of the study period. Several sensitivity analyses were conducted to assess the robustness of our findings. The main model was further adjusted using fixed effects for smartphone type (iPhone or Android). Second, the model was also evaluated using all data and coding missing data (when a step value was not received) as not achieving goal (in contrast to using only collected data), a method used in prior work. 38 For the secondary outcome of mean daily steps, the model was further adjusted using fixed effects for smartphone type (iPhone or Android). Second, evidence suggests that step count values less than 1000 are unlikely to represent accurate data capture of actual activity. 33, 45, 46 Therefore, to avoid these observations from downward biasing mean daily step outcomes, a sensitivity analysis was conducted using the model with values less than 1000 excluded from the sample. All analyses were conducted using SAS, version 9.4 (SAS Institute, Cary, North Carolina). Figure 1 reports trial enrollment. Participants had a mean age of 41.3 years (standard deviation [SD]: 12.0 years) and using selfreported height and weight had a mean body mass index of 28.4 (SD: 6.5); 80.1% were women. The median self-reported physical activity in the 7 days prior to enrollment was 4533.3 metabolic equivalent minutes (MET-min) ; interquartile range: 2329.5-7929.0). Among all participants, 209 (73.1%) used an iPhone to track activity and 77 (26.9%) used an Android smartphone. Baseline characteristics were similar across the 4 study arms ( Table 1) .
Results
The mean proportion of participant-days achieving the 7000-step goal peaked at about 0.50 in the 50th percentile with incentives arm and 0.45 in the 75th percentile with incentives arm (Figure 2) . The 75th percentile without incentives arm had the lowest performance peaking near 0.31, whereas the 50th percentile without incentives arm peaked near 0.37. These levels declined over the intervention period for all arms.
Compared to the 75th percentile without incentives, the mean proportion achieving the 7000-step goal was significantly greater for the 50th percentile with incentives group (0.45 vs Table 2) . For the secondary outcome of mean daily steps, there were no statistically significant differences between any of the arms (Table 3) . During the follow-up period, the mean proportion achieving goal for the 50th percentile with incentives group began near 0.40 and steadily declined to about 0.25, near the level of the groups without incentives during the intervention. In the 75th percentile with incentives group, the mean proportion fluctuated between 0.30 and 0.40. However, there were no significant differences between any of the groups during the follow-up period for mean proportion achieving goal or mean daily steps.
Discussion
In this study, we demonstrated that the design of the engagement strategy can significantly affect physical activity outcomes. In this trial of 2 different social comparisons with and without financial incentives, we found that social comparison to median performance with financial incentives was most effective for increasing physical activity.
These findings expand upon current understanding of using social comparison and financial incentives to increase physical activity. Ball and colleagues found that individuals with higher levels of physical activity were more likely to perceive higher levels of activity among peers in their social network even after adjusting for the level of social support for being physical active. 47 However, these findings were limited in their reliance on self-reported activity at 1 time point and the absence of an experimental design.
John and Norton conducted a randomized field experiment in which employees were given a treadmill desk at work and assigned to have access to performance feedback for only themselves, for a single coworker, or for 4 coworkers. 48 Over the 6-month period, they found that the individual group had higher levels of activity but that activity among all groups steadily declined over time. Although John and Norton may have hoped that relative performance feedback would spur greater performance among the lower performers in each group, they found that in the group arms, activity tended to decline to the ''least common denominator'' as performance converged to the level of the lowest performer in the group. Our study builds upon these studies in several important ways. First, our study using smartphones to track activity throughout the day may be more affordable and scalable than providing treadmill desks and measuring activity only while at work. Second, evidence indicates that physical activity interventions are not effective unless individuals are given a goal. 27 Although John Main model adjusts for repeated measures of daily participant step counts and for temporal trends by week using all collected data. Outcome measure is a binary term (0 or 1) based on not achieving or achieving goal. Odds ratios represent the ratio of odds of achieving the 7000-step goal for a participant on a random day during either the intervention period (third column) or the follow-up period (fourth column) if a participant was to be assigned to the one specified study arm versus the other specified study arm.
and Norton did not set a performance goal, our study provided daily feedback on attainment of the 7000-step goal. Third, providing data on others' performance alone may not achieve goals. In some contexts, feedback is more effective if paired with social approval or disapproval. 49 In our study, individuals participated in teams that might provide peer support, accountability, and unity toward a common goal. 28 By focusing social comparison feedback on performance relative to other teams, we leverage individuals' competitive drive to motivate behavior change. Fourth, individuals are often motivated by the experience of past rewards and prospect of future rewards. Our study found that the most effective intervention paired social comparison feedback with financial incentives in the form of a weekly regret lottery. This design leverages individuals' tendencies to place undue weight on small probabilities, be more engaged by variable reinforcement than constant reinforcement, and to avoid feeling regret from not winning a reward. 15, 16, 28 Although many stakeholders are interested in using teambased interventions, performance feedback, and competitions to drive changes in health behaviors, it is important to conduct careful testing of alternate designs to determine which intervention is most effective. In our study, individuals were given social comparison feedback only once per week. Future studies might test differing frequencies of feedback and increase transparency to allow individuals to access their teammates' performance in real time rather than once the week is over. Although intervention arms using financial incentives had higher rates of achieving goal, further study is needed to determine the optimal design, frequency, and size of financial incentives to increase physical activity.
Our study is subject to several limitations. First, participants were from a single location, which may limit generalizability as physical activity may be harder in some regions because of differences in climate, outdoor space, and culture. Second, participants in this study were required to have a smartphone, potentially making participation less accessible to those without these devices. Third, participants' physical activity was not tracked when they were not carrying their smartphones, so captured physical activity levels may be lower than actual activity. However, at the end of the intervention period, 98% of respondents stated that they carried their smartphone most or all of the time. Fourth, randomization resulted in an uneven number of participants across arms, potentially limiting our power for arms with less than 70 participants. Fifth, we did not have baseline physical activity data from these participants, and self-reported data are likely overestimates. However, there were no significant differences among measured sample characteristics across all arms including selfreported physical activity; therefore, the randomized study design should reveal differential effects of the interventions on physical activity outcomes. Sixth, all 4 arms used social comparisons and so the results do not address the incremental value of social incentives. Values are presented as the difference between the specified arms.
In conclusion, physical inactivity is a leading risk factor for cardiovascular disease and mortality. New strategies are needed to change these behaviors. In this randomized trial, we found that a team-based intervention using a social feedback that compared team performance to the median with financial incentives was the most effective for increasing physical activity. These findings demonstrate the importance of careful testing of alternate ways of providing feedback and performance incentives to determine the optimal approach for changing health behaviors.
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SO WHAT? Implications for Health Promotion Practitioners and Researchers
What is already known on this topic?
Higher levels of physical activity are associated with numerous health benefits but more than half of adults in the United States do not achieve the minimum recommended level of physical activity. Financial incentives designed using insights from behavioral economics have been effective for changing several health behaviors but have not been well tested with strategies to increase physical activity.
What does this article add?
This is one of the first randomized trials testing different combinations of social comparison feedback and financial incentives designed using insights from behavioral economics to increase physical activity. We found that social comparison to the median with financial incentives was more effective than social comparison to the top quartile without incentives.
What are the implications for health promotion practice or research?
Although many stakeholders are interested in using interventions that incorporate financial incentives and social designs, it is important to carefully test these strategies before expanding more broadly. These findings may help to guide larger evaluations of interventions to increase physical activity using social comparison feedback and financial incentives.
